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(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a high-durability 
polymer electrolyte which controls an attack by a 
peroxide free radical, has higher durability than that of a 
conventional hydrocarbon-based electrolyte and a low 
cost and to provide a method for producing the same. 
SOLUTION: The high-durability polymer electrolyte is 
provided with a fluorocarbon skeleton converted from a 
hydrocarbon skeleton. The method for producing the 
high-durability polymer electrolyte comprises a first 
fluorination process for converting a part or the whole of 
the hydrocarbon skeleton constituting a solid polymer 
electrolyte to the fluorocarbon skeleton. In this case, the 
method is provided with a non-protonizing process for 
converting the electrolytic group of the solid polymer 
electrolyte to a halide group or a metal salt before the 
first fluorination process and with a protonizing process 
for converting the halide group or the metal salt to the 
electrolytic group after the fluorination process. 
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J>0 tnd NCIPI'are not responsible for any 

dances caused by the use of this translation. . 

1. TTus document has been translated by computer. So the translation may not reflect the original 
p recise ly. 

2. **** shows the word which can not be translated. 
3-ln the drawings, any words are not translated. 

CLAIMS 



[CtaarKs)] 
[Claim 1] 

The high durable polyelectrolyte equipped with the fWocsrbon frame changed from the 
hydrocarbon frame. 
[Claim 3 

The high durable poiy electrolyte obtained by changing a part or all of an electrolyte radical of a 
sotid-stato pofyelectrotyte into a hafide radical or a metal salt changing into a fluorocarbon 
frame a part or aO of a hydrocarbon frame that constitutes said solid-state polyelectrolyte. and 
changing said haGde radical or said metal salt into an electrolyte radical. 
[Claim 3] 

The high durable polyelectrolyte obtained by changing into a fluorocarbon frame a part or aO of a 
hydrocarbon frame that constitutes a sobd-state high molecular compound, and introducing an 
electrolyte radical into said solid-state high molecular compound 
[Claim 4] 

The manufacture approach of the high durable polyelectrolyte equipped with the 1 st fluoridation 
process which changes into a fluorocarbon frame a part or all of a hydrocarbon frame that 
constitutes a solid-state poryelectrolyto. 
[Claim 5] 

The process of changing a part or aD of an electrolyte radical of said sobd-state polyelectrolyte 
into a haGde radical or a metal salt in front of said 1st fluorination process and of not 
protonating. 

The manufacture approach of the high durable polyelectrolyte according to claim 4 further 
equipped with the protonation process which changes said halide radical or said metal salt into 
an electrolyte radical after said 1st fkwrination process. 
[Claim 6] 

The 2nd fluorination process which changes into a fluorocarbon frame a part or all of a 
hydrocarbon frame that constitutes a solid-state high molecular compound. 
The manufacture approach of the high durable polyelectrolyte equipped with the electrolyte 
radical installation process which introduces an electrolyte radical into said solid-stato high 
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DETAILED DESCRIPTION 



[DetaBed Description of the Invention] 
[0001] 

[Field of the Invention] 

This invention relates to a high durable potyelectrolyte suitable as an electrolyte membrane used 
for various electrochemistry devices, such as a fuel cell, water electrolysis equipment a hafide 
acid electrolytic device, brine electrolysis equipment, oxygen and/or a hydrogen concentrator, a 
humidity sensor, and a gas sensor, and its manufacture approach in more detail about a high 
durable poJyelectrc+yte and its manufacture approach. 
[0002] 

[Description of the Prior Art] 

Solid-state poly electrolytes are solid-state polymeric materials which have electrolyte radicals, 
such as a sulfonic group, in a macromolecule chain. Since it combines with specific ion firmly or 
the solid-state potyelectrolyte has the property to make a cation or an anion penetrate 
alternatively, it is fabricated a particle, fiber, or in the shape of film, and is used for various kinds 
of applications, such as dectrodialysis. a diffusion dialysis, and a cell diaphragm. 
[0003] 

bi various electrochemistry devices, such as a polymer electrolyte fuel cell and water 
electrolysis equipment, a solid- state poryelectrotyto is fabricated in the shape of film, and is used 
to the state of the membrane electrode zygote (ME A) which joined the electrode to the both 
sides. Although it is common to use the perfluoro system electrolyte membrane represented by 
Nation (a trademark. Du Pont make) on the solid-state poJydectrolyte film for electrochemistry 
devices used under a severe condition, use of a hydrocarbon system electrolyte membrane is 
also considered. 
[0004] 

As an example of examination of a hydrocarbon system electrolyte, the bridge formation mold 
polystyrene graft resin film (Switzerland patent AppL02 636 / 93-6) which introduced the 
sulfonic group, the pofyether sulphone resin (JP, 10-4 59 13 A) which introduced the sulfonic group 
are known. Moreover, in order to raise the oxidation resistance of a hydrocarbon system 
electrolyte, the solid-state poryelectrolyte which mixed the compound which contains 
phosphorus, such as polyvinyl phosphonic acid and phosphonic acid mold pofyether sulphone. in a 
hydrocarbon system electrolyte is indicated by the applicant for this patent at JP.2000-1 1 756.A. 

[0005] 

Moreover, in a polymer electrolyte fuel cell, an electrode takes the two-layer structure which 
consists of a catalyst bed which generally consists of carbon which supported the catalyst of a 
solid-state potyelectrolyte. platinum, etc. and a diffusion layer for supplying re octant gas and an 
electron to this catalyst bed. A catalyst bed is a part used as the reaction place of electrode 
reaction, and m order to advance a reaction continuously, it needs to maintain the three-phase 
zone with which the three phase of reactant gas, a catalyst and an electrolyte coexists. 
Therefore, in order to give the water repot! enco which can fully secure a three-phase zone to a 
catalyst bed, water-repellent matter, such as tetrafluoroethyJene, may be added. 



[0006] 

Furthermore, in order to give water repeflence to a catalyst bed. after infiltrating a vim/fid ene 
fluoride polymer (PVdF) / n-methyf pyrroGdone (NMP) solution into the polar zone of MEA 
produced according to the conventional method and drying this, how to leave it further in a 
fkjorine gas 0.5mofY- gaseous helium 99 5mol% mixed-gas ambient atmosphere, and fWinate 
PVdF b also learned (JP-2001 -283666 JO. 
[0007] 

[Problem(s) to be Solved by the Invention] 

to the case of a polymer electrolyte fuel cell or water electrolysis equipment in the catalyst bed 
formed in the interface of the soGd-state potyelectrolyte film and an electrode, a peroxide 
generates according to the side reaction of electrode reaction The generated peroxide serves 
as a peroxide radical being spread, and triggers the degradation reaction (oxidation reaction by 
the peroxide radical) of the solid-state potyelectrolyte rBm. Therefore, generally in a polymer 
electrolyte fuel cefl or water electrolysis equipment the perfluoro system electrolyte membrane 
excellent in oxidation resistance is used. 
[0006] 

It a used also as an electrolyte membrane of an others and brine electrolysis equipment end a 
hafide acid deetrotytic device. [ electrolyte membrane / of the fuel cell which chemical stability 
was very high and was mentioned above since the perfluoro system electrolyte had the 
fluorocarbon frame, or water electrolysis equipment ] Moreover, it is widely applied to the 
humioSty sensor, the gas sensor, the oxygen enricher. etc. using high proton conductivity. 
However, a perfluoro system electrolyte is difficult to manufacture and has the fault of being 
very expensive. 
[0009] 

On the other hand, a hydrocarbon system electrolyte is easy to manufacture as compared with 
the perfluoro system electrolyte represented by Nafion and has an advantage of tow cost. 
However, the conventional hydrocarbon system electrolyte tended to be eroded by the peroxide 
radical generated by electrode reaction, and the problem that oxidation resistance was tow was 
left behind. The hydrocarbon frame which constitutes a hydrocarbon system electrolyte depends 
this reason on it being easy to receive the oxidation reaction by the peroxide radical. It was a 
technical problem how especially. to order to generate a peroxide radical in a film front face the 
oxidation resistance on the front face of the film is secured. 
[0010] 

On the other hand, if the compound which contains phosphorus in a hydrocarbon system 
electrolyte is mixed as indicated by JP.2000-1 1 756A oxidation reaction of a hydrocarbon frame 
can be controlled However, in order to attain improvement and tow-cost-iztog of the endurance 
of various electrochemistry devices, such as a polymer electrolyte fuel cell end water 
dectrotysds equipment to raise the oxidation resistance of a hydrocarbon system electrolyte 



[0011] 

The technical problem which this invention tends to solve suppresses erosion by the peroxide 
radical, has endurance higher than the conventional hydrocarbon system electrolyte, and is to 
offer a high durable potyelectrolyte [ low cost moreover ] and its manufacture approach. 
[0012] 

[Means for Solving the Problem] 

The high durable poryelectrolyte built over this invention in order to solve the a 



technical problem makes it a summary to have the fluorocarbon frame changed from the 



[0013] 

Moreover, the 1 st of the manufacture approach of the high durable poryelectrolyte concerning 
this invention makes it a summary to have the 1st fluorination process which changes into a 
ftoorocarbon frame a part or oD of a hydrocarbon frame that constitutes a solid- state 
potyelectrolyte. In this case, you may have further the process of changing a part or all of an 
electrolyte radical of said solid-state potyelectrolyte into a hafide radical or a metal salt in front 
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of said 1st fluonViation process and of not protonating. and the protonation process which 
changes said halide radical or said metal salt into an electrolyte radical after said 1st fluorination 



[0014] 

Furthermore, the 2nd of the manufacture approach of the h 

concerning this invention makes it a summary to have the 2nd fluorination process which 
changes into a fluorocarbon frame a part or all of a hydrocarbon frame that constitutes a solid- 
state high molecular compound, and the electrolyte radical installation process which introduces 
an electrolyte radical into said solid-state high molecular compound. 
[0015] 

The solid-state potyelectrolyte equipped with the hydrocarbon frame is easy to manufacture as 
compared with a perfluoro system electrolyte, and low cost Therefore, if the solid-state 
potyelectrolyte first equipped with the hydrocarbon frame is manufactured and a part or all of a 
hydrocarbon frame is changed subsequently to a fluorocarbon frame, the solid-state 
potyelectrolyte excellent in endurance can be manufactured by tow cost Moreover, if an 
electrolyte radical is changed into a halide radical or a metal salt before ftuorin sting a 
hydrocarbon frame, it will excel in endurance and the high durable potyelectrolyte which 
moreover has high electrical conductivity will be obtained 
[0016] 

Similarly, the solid-state high molecular compound equipped with the hydrocarbon frame is easy 
to manufacture as compared with a perfluoro system compound, and low cost Therefore, the 
solid-state high molecular compound first equipped with the hydrocarbon frame is manufactured, 
and if a part or aU of a hydrocarbon frame is changed subsequently to a fluorocarbon frame and 
an electrolyte radical is further introduced into a solid-state high molecular compound, the solid- 
state potyelectrolyte excellent in endurance can be manufactured by tow cost 
[0017] 

[Embodiment of the Invention] 

Hereafter, the gestatt of operation of this invention is explained to a detail. The high durable 
poryelectrolyte concerning this invention is characterized by having the fluorocarbon frame 
changed from the hydrocarbon frame. 
[0016] 

Such a high durable poly electrolyte uses for a start raw material the solid-state potyelectrolyte 
which has a hydrocarbon framo. uses for a start raw material the solid-state high molecular 
compound which changes a part or all of a hydrocarbon frame into a fluorocarbon frame, or has a 
hydrocarbon framo, changes a part or afi of a hydrocarbon frame into fluorocarbon. and is 
obtained by subsequently to a solid-state high molecular compound introducing an electrolyte 
radical so that it may mention later. 
[0019] 

In this invention, the solid-state high molecular compound used as a start raw material says 
either of the macromolecule chains what has a hydrocarbon frame (C-H coupling). A solid-state 
high molecular compound may contain only a hydrocarbon frame, and may include the both sides 
of a hydrocarbon frame and a fluorocarbon frame (C-F association). Moreover, the solid-state 
potyelectrolyte used as a start raw material means that by which the electrolyte radical was 
introduced into either of the solid-state high molecular compounds which has the hydrocarbon 
frame mentioned above. 
[0020] 

As an example of a solid-state high molecular compound, potysutfone resin, pofyether sulphone 
resin. Pofyether ether ketone resin polycarbonate resin poty ester carbonate, resin Polyarylate 
resin, potyoxybenzoyl resin, pofybenz imidazole resin. Polyester ketone resin straight chain mold 
phenol formaldehyde resin Bridge formation mold phenol formaldehyde resin, urea formaldehyde 
resms, Melamine formaldehyde resin straight chain mold polystyrene resin, bridge formation mold 
polystyrene resin. Straight chain mold (poly trifluoro styrene) resin, bridge formation mold (poty 
triftuoro styrene) resin. Pori (2. 3-diphenyl -1. 4-phenylene oxide) resin. Pori (phenylene oxide) 
resin. Pori (airy! compound ether ketone) resin. Pori (propine ether sulfone) resin. Pori (phenyl 



kino SANFQN) resin Pori (benzyl silane) resin Ethylene totrafluoroethylene copolymer-graft- 
potystyrene resin. Pofyvinylidene ffuciride-graft-polystyrene resin polytetrafluoroethyleno-graft- 
potystyrene resin. Potyimide resin, poly amide resin, pofyetherimide resin potyamidonnide resin. 
Polyester resin, polyurethane resin potysiloxane resin poly sulfide resin, polyacetal resin, poty 
para-phenylene derivative resin, potyphenyfene sulfide resin, etc. are mentioned 
[0021] 

Moreover, aD the aromatic series system resin or half-aromatic series system resin with which 
the ring entered into the principal chain The phenylene in a principal chain, biphenylene, 
naphthalene, etc. -S02-. - You may be the copolymer combined through any one sort or two 
sorts or more of functional groups, such as 0-. -S-, -S-S-. -C(0H -C(CH3)2- -<XCF3)2- 
imide. an amide, a sulfonamide, ester, sulphone ester, ur ethane, and a urea. Moreover, as for 
half-aromatic series resin the alkyl group and the alkyteno chain may be contained in the middle 
of the principal chain. Moreover, you may be the poty FOSUFAZEN derivative which has 
phosphazene structure in a principal chain. Furthermore, as a gestatt of a polymer, the block 
copolymer and starburst DIN DOR1MA which have v 
blend are sufficient 



The solid-state high molecular compound or solid-state potyelectrolyte with which the graft 
polymerization of the styrene is carried out to the giant-molecule chain which contains a 
ftoorocarbon frame m a part especially, and the solid-state high molecular compound or solid- 
state poryelectrolyte which contains a ring in a part is cheap, and since it can control 
conductivity easily by having sufficient reinforcement and moreover adjusting the class and the 
amount of installation of an electrolyte radical when it thirr-ftbrHzes. it is suitable especially as a 
start raw material. 
[0023] 

The graft copolymer (ethylene tetraffuoroethylene copolymer- graft -polystyrene resin) of the 
ethylene tetraftuoroethylene resin which uses an ethylene tetraffuoroethylene copolymer as a 
prtocipal chain, and uses as a side chain the polystyrene which can introduce an electrolyte 
radical as an example of the solid-state high molecular compound with which the graft 
polymerization of the styrene is carried out to the giant-molecule chain which contains a 
fluorocarbon frame in a part is mentioned. Moreover, as an example of the solid-state high 
molecular compound which contains a ring in a part, pofyether sulphone resin, pofyether ether 
ketone resin, etc. are mentioned 
[0024] 

Especially the class of electrolyte radical (henceforth [ these are named generically and ] an 
"electrolyte radical") introduced into the electrolyte radical or solid-state high molecular 
compound beforehand introduced into the solid-state potyelectrolyte after that is not limited, 
and is chosen according to the application of a high durable potyelectrolyte. demand 
characteristics, etc. 
[0025] 

As an electrolyte radical, a sulfonic group, a corboxylic-acid radical, a phosphonic acid radical, a 

phosphoric-acid raoScel. a surf one imide radical, etc. ere mentioned as a suitable example. ** and 

any one sort of electrolyte radicals of these may be contained in the high durable 

poty electrolyte, and two or more sorts may be contained in it In order to obtain the high durable 

potyelectrolyte which has high electrical conductivity, as for an electrolyte radical, it is desirable 

that it is a strong acid radical, and especially a sulfonic group is suitable for it. 

Moreover, the electrolyte radical may be introduced trto which part of the principal chain of a 

solid-state high molecular compound, or a side chain. 

[0026] 

What is necessary is just to adjust the rate of installation of an electrolyte radical according to 
an application, the class of an operating condition and electrolyte radical, etc. The rate of 
installation of an electrolyte radical is converted into equivalent weight end, specifically, is 
200g/Eq - 2000g/Eq desirable still more preferably [g //Eq / 150g/Eq - / 5000 ]. If equivalent 
weight becomes [ Eq ] in less than 150g /. since the swelling by water or the solvent may 
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become large too much or reinforcement may FaO extremely, it is not desirable On the other 
hand, if equivalent weight exceeds Eq in 5000g /. since electrical conductivity falls and 
resistance loss becomes large, it is not desirable. The rate of installation of an electrolyte radical 
is converted into the conductivity in the moisture state of a high durable polyelectrotyte. and • 
1x10 to 2 or more S/cm is 5x10 to 2 or more S/cm desirable still more preferably. 
[0027] 

There b the approach of carrying out electrolysis fluorination of the approach, sofid-state 
potyelectroryte. or solid-state high molecular compound which contacts the approach, solid- 
state potyelectroryte. or sofid-state high molecular compound which specifically contacts a solid- 
state potyelectroryte or a sofid-state high molecular compound art the gas eontainjng fluorine gas » 
as an approach of changing a hydrocarbon frame into a ftuorocarbon frame in the gas or the 
solution containing a ftuorination agent etc. About this point it mentions later. 
[0028] 

The part may be changed into a fluorocarbon frame, or. as for the hydrocarbon frame which 
constitutes a sofid-state polyelectrolyte or a solid-state high molecular compound aD may be 
changed into the fluoro carbon frame. 
[0029] 

For example, in a polymer electrolyte fuel ceD. water electrolysis equipment, eta. a peroxide 
radical occurs in the film front face of an electrolyte membrane, and it b thought that oxidation 
by the peroxide radical advances toward the interior from a fibn front face. Therefore, when 
fabricating the high durable polyelectrolyte corweming this invention in the shape of film and 
using it for these applications, it b desirable that the hydrocarbon frame on the front face of the 
Hm b changed into the fluorocarbon frame at least If a ftuorocarbon frame is arranged on a film 
front face, since a peroxide radical b discharged out of a system with reactant gas before it 
reacts with the film, it can control degradation of the whole film. 
[0030] 

When using it under the environment which a peroxide radical generates at random in the film 
Eke [ b the case of on the other hand heating an electrolyte membrane in the condition of 
having been immersed in the peroxide solution ]. it b desirable that all the hydrocarbon frames 
that constitute a solid-state poryelectroryte or a solid-state high molecular compound are 
changed into the fluorocarbon frame. 
[0031] 

Since the high durable poly electrolyte concerning thb invention uses for the start raw material 
the sofid-state poryelectroryte or sofid-state high molecular compound which has a hydrocarbon 
frame, it b low cost as compared with a pcrfluoro system electrolyte. Moreover, s 
fluorocarbon frame e 
compared with the c 
[0032] 

Therefore, if this is applied to a polymer electrolyte fuel cell or water electrolysis equipment 
decomposition of the hydrocarbon frame by the peroxide radical produced according to electrode 
reaction and the degradation resulting from thb can be controlled. Moreover, endurance can 
improve and it can be made to operate for a long time as compared with the case where the 
conventional hydrocarbon system electrolyte membrane is used. 
[0033] 

Next the manufacture approach of the high durable polyelectrolyte concerning this invention is 
explained. The manufacture approach concerning the gestalt of operation of the 1st of this 
invention is equipped with the process of not protons ting, the 1 st fborination process, and the 



electrolyto radical into a halide radical' by halogens, such as -F. -CL -fir, end -L Moreover, it 
says permuting proton N* in the end of the electrolyte radical "which changes an electrolyte 
radbal into a metal salt" by the metal ion. Specifically, trensitbn-metab ion. such as o&aline- 
earth-metal ion. such as alkali-metal ion, such as Lr>. Na+. and K+. Mg2+. calcium2+. Sr2+. and 
Ba2+. Cu2+ Fe2+. and nbket2+. etc b suitable for the metal ion which permutes a proton. 
[0038] 

As for conversion on the haSde radical of an electrolyte radical, it b desirable to carry out by 
contacting the raw gas which b immersed in a sofid-state poryelectroryte into the processing 
solution containing the matter (thb b hereafter called "hafide donator".) which has the property 
to supply halide. or contains a halide donator to a sofid-state potyelectroryte. 
[0037] 

After conversion on the hafide radical of an electrolyte radical permutes the proton of the 
approach of making it react and an electrolyte radical by the thionyl chloride after making into a 
pyridine salt the approach and electrolyte radical which are immersed in a phosphorus 
perftachloride. phosphorus oxychloride. or these mixed solutions at alkali metal, specifically, it b 
desirable to use bromine gas, iodine gas, etc. the approach of making it react etc. 
[0038] 

Moreover, as for conversion in the metal salt of an electrolyte radical, it b desk-able to carry out 
by contacting the raw gas which b immersed in a sofid-state poly electrolyte into the processing 
solution containing the matter (thb b hereafter called "metal ion donator".) which has the 
property to supply a metal ion. or contains a metal ion donator to a solid-state polyelectrolyte. 
[0039] 

a metal ton — a donator — containing — processing — a solution — or — raw gas — concrete 
— a sodium hydroxide — a potassium hydroxide — etc, — hydroxybtion — alkali metal — a 
water solution — Mg — (— OH — ) — two — calcium — (— OH — ) — two — a grade — 
hydroxybtion — alkafine earth metal — a water solution — Fe — (— OH — ) — two — Cu — 
(— OH — ) — two — a grade — hydroxybtion — transition metals — a water solution — etc - 



[0034] 

mtrocXjction and the process of not protonating Bra explained. The process of not protonating b 
a process which changes a part or all of an electrolyte radical of a solid-state polyelectrolyte 
into a halide radical or a metal salt in front of the 1st ftuorinatjon process mentioned later. 
[0035] 

It says permuting - OH radical in the end of the electrolyte radical "which changes an 



[0040] 

Processing conditions, such as concentration of the halide donator contained in a processing 
solution or raw gas or a metal donator, processing temperature, the processing time, and 
processing pressure force, choose the optima! thing according to the class of a hafide donator or 
metal donator. the quality of the material of a solid-state polyelectrolyte, the processing 
conditions of the 1st ftuorination process, etc. Moreover, by choosing processing conditions, a 
part of electrolyte radbal can be changed into a halide radbal or a metal salt or the afi can be 
changed into a hafide radical or a metal salt m order to excel in endurance and to obtain a high 
durable polyelectrolyte with high conductivity, it is desirable that all of electrolyte radbals are 
changed into the hafide radical or the metal salt 
[0041] 

For example, when the solid-state polyelectrolyte f3m equipped with the sulfonic group b 
immersed in a phosphorus pentachloride / phosphorus oxychloride mixed solution and it changes 
a sulfonic group into a sulfonyl chloride radical, four or less [ 1/10 or more ] are desirable still 
more desirable, and the volume ratio (vol/vol.) of the phosphorus pentachkvide/phosphorus 
oxychloride in a mixed solution is one or less [ 1/5 or more 1 Moreover. 30 degrees C or more 
150 degrees C or less are desirable still more desirable, end the temperature of a mixed solution 
is 50 degrees C or more 130 degrees C or less. The processing time b chosen according to the 
presentation of a processing solution, temperature, etc so that the conversion rate to the 
sulfonyl chk>r>de radbal of a sulfonic group may serve as a predetermined value. 
[0042] 

Moreover, when the solid-state polyelectrolyte film equipped with the sulfonic group is immersed 
in a sodium-hydroxide water solution for example, and it changes a sulfonic group into sodium 
salt 0.0 INs or more 20Ns or less are desirable still more desirable, and the concentration of a 
sodium hydroxide is 0.1 Ns or more lONs or less. Moreover. 0 degrees C or more 100 degrees C 
or bss are desirable still more desirable, and the temperature of a water solution is 25 degrees C 
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or more 100 degrees C or less. Also in this case, the processing time is chosen according to the 
presentation of processing liquid temperature, etc so that the conversion rate to the sodium 
salt of a sulfonic group may servo as a predetermined value. 
[0043] 

In addition, if fluorination processing of the solid-state polyelectrolyte is carried out directly, 
ebctrical conductivity may fall as compared with the case where processing in which it does not 
protonate is performed Although processing in which it does not protons te has the 
effectiveness which controls the fall of ebctrical conductivity in the system which the fall of the 
ebctrical conductivity resuKtog from such fluorination processing produces, the fall of electrical 
conductivity can skip the process of not protonating. in the system which does not pose a 



[0044] 

Next the 1st fluorination process is explained. The 1st fluorination process is a process which 
changes into a fluorocarbon frame a part or all of a hydrocarbon frame that constitutes a solid- 
state polyelectrolyte. There are the foltowing approaches among the approaches of changing a 
hydrocarbon frame into a fluorocarbon frame (fluorination), 
[0045] 

The 1st approach b an approach of contacting the raw gas which contains fluorine gas in the 
solid-state poryebctrolyte (this is hereafter called "precursor".) from which the solid-state 
poryelectroryte or the electrolyte radical was changed into the halide radical or the metal salt If 
the raw gas which contains fluorine gas in a solid-state polyelectrolyte or its precursor is 
contacted, the hydrogen atom combined with the carbon atom can be permuted by the fluorine 
atom. 
[0046] 

Fluorination processing of the solid-state poryebctrolyte by the raw gas containing fluorine gas 
or its precursor may be performed by enclosing both in a well-closed container, or it may be 
performed by making a solid-state poryelectroryte or its precursor contact carrying out the flow 
of the raw gas with constant flow. Moreover, raw gas may contain only fluorine gas and may be 
diluted by inert gas. such as argon gas and nitrogen gas. 
[0047] 

Processing conditions, such as concentration of the fluorine gas contained in raw gas. a pressure 
of raw gas. temperature, and contact time, choose the optimal thing according to the property 
required of the quafity of the material of a solid-state poryebctrolyte. the existence of 
processing in which it does not protonate, and a high durable polyebctrolyte. Moreover, by 
choosing processing conditions, a fluorocarbon frame can be introduced only into a front face, or 
can also be introduced into homogeneity at the whole. 
[0048] 

Generally, although the processing time can be shortened since reactivity is high so that the 
concentration of the fluorine gas "m raw gas becomes high, or so that as for fluorine gas. the 
pressure and/ or temperature of raw gas become high, a reaction advances violently . 
[0049] 

it is a short time relatively, and in order to obtain a good high durable polyelectrolyte. less than 
[ more than 0.001von»100vof% ] is desirable still more desirable, and the concentration of fluorine 
gas is less than [ more than 0.01voK100vol% ]. Moreover, below OPeor more500kPa (about 
5kg/cm2) b desirable still more desirable, and the pressure of raw gas b below 200kPa (about 
2kg/cm2) more than lOOPa (about 0.001 kg/cm2). Furthermore. -189 degrees C or more 400 
degrees C or less are desirable still more desirable, and the temperature of raw gas is -100 
degrees C or more 100 degrees C or bss. The processing time is chosen according to the 
concentration of fluorine gas. the temperature of raw gas, a pressure, etc. so that the conversion 
rate to the fluorocarbon frame of a hydrocarbon frame may serve as a predetermined value 
[0050] 

The 2nd approach is an approach of contacting a fluorination agent to a solid-state 
polyelectrolyte or its precursor. If a fluorination agent is contacted to a solid-state 
polyelectrolyte or its precursor, the hydrogen atom combined with the carbon atom can be 



permuted by the fluorine atom. 
[0051] 

A "fborination agent" b matter which has the property to change a hydrocarbon frame into a 
fluorocarbon frame chemically, and things other than fluorine gas are said For that purpose, as 
for a ftuorination agent it is desirable to use the ebctrophilicity fluorination agent which equips 
intramolecular with N+-F association. 
[0052] 

A fborination agent specifically The N -fluoro -4. 6 -dimethyl pyridinium- 2 -sulfonate, N-fluoro-4- 
methyl pyrbinium-2-sutfonate. N-fhjoro-5Ktrifboromethyl) pyridinium-2-surfonate, N-fluoro-6- 
(trifluoromethyl) pyridiruunr-2-sutfonato. The N-fluoro -4. 8-bb(trifluoromethyl) pyridinbm-2- 
sulfonate. N. N'-difluoro - 2 2-FJAIPIRUINIUMUBISU (tetrafkioroborate). N-fluoro - 2, 4, 6- 
tri methyl pyridinium tetrafluoroborate. N -fluoro - 2. 4. 6-trrmothyl pyridinium trifboromethane 
sulfonate, N-fluoro pyridinium tetrafluoroborate, N -fluoro pyridinium trifluoromethane sulfonate. 
The derivative is suitable for the N-fluoro -2. 6-dbhloro pyridinium tetrafluoroborate, the N- 
fluoro -2 6-dbhloro pyridinium trifluoromethane sulfonate, etc. 
[0053] 

A fborination agent may make a solid-state poryelectroryte or its precursor contact in the state 
of any of a liquid or a gas. Moreover, a fluorination agent may be used independently, or may be 
diluted and used with a suitable diluent or dilution gas. Specifically, a tetrahydrofuran. an 
acetonitrita. dbhloromethano, dbthybther. dirrwthytformamide. etc. are suitable for a diluent 
Moreover, specifically, inert gas. such as nitrogen, b suitable for dilution gas. 
[0054] 

Processing conditions, such as a pressure at the time of making the cbss of fluorination agent 
concentration, and a fluorination agent contact, temperature, and time amount choose the 
optimal thing according to the property required of the quality of the material of a solid-state 
polyelectrolyte, the existence of processing in which it does not protonate. and a high durable 
polyelectrolyte. Moreover, by choosing processing conditions, a fluorocarbon frame can be 
introduced only into a front face, or can also be introduced into homogeneity at the whole. 
[0055] 

b order to be a short time relatively and to obtain a good high durable polyelectrolyte by low 
cost using the processing solution containing a fluorination agent 0.001 or more mol/1 20 or less 
mot/I is desirable still more desirable, and the concentration of the fluorination agent b a 
processing solution is 0.01 or more mol/1 10 or bss mol/1. Moreover. ~1 10 degrees C or more 



160 degrees C or bss are desirable still more desirable, and the temperature of a processing 
sobtion is 0 degrees C or more 100 degrees C or bss. The processing time is chosen accordbg 
to the concentration of a ftuorination agent the temperature of a processbg solution, etc so 
that the conversion rate to the fluorocarbon frame of a hydrocarbon frame may serve as a 
predetermined value. 
[0056] 

In order to be a short time relatively and to obtain a good high durable potyelectroryte by tow 
cost using the raw gas containing a fluorination agent bss than [ more than O.lvoKIOOvott ] b 
desirable still more desirable, and the concentration of the fluorination agent in raw gas b bss 
than ( more than IvoKIOOvof* ]. Moreover, below OPeor morel MP a (about I0kg/cm2) is 
desirable still more desirable, and the pressure of raw gas is below lOOPeor more500kPa (about 
5kg/cm2). Furthermore. -100 degrees C or more 200 degrees C or bss are desirable still more 
desirable, and the temperature of raw gas is -50 degrees C or more 100 degrees C or bss. Abo 
in thb case, the processing time is chosen according to the concentration of a fluorination agent 
the pressure of raw gas. temperature, etc. so that a predetermined conversion rate may be 
obtained 
[0057] 

The 3rd approach is the approach of carrying out electrolysis fluorination of a sofid-state 
polyelectrolyte or its precursor. It means "electrolysis fluorination" being immersod b the 
etoctroryta containing a fluorine supply compound, and energizing a solid-state polyebctrolyte or 
its precursor to inter- electrode. If an anode plate, cathode and a solid- state polyebctrolyte. or 
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its precursor is immersed in an electrolyte and e predetermined electrical potential difference is 
impressed to after-electrode, the hydrogen atom combined with the carbon atom can be 
permuted by' the fluorine atom. 
[0058] 

A * fluorine supply compound" means what has the property to supply with a fluorine atom the 
bottom of the environment where electric field are given. Specifically, an anhydrous hydrofluoric 
acid etc. is suitable for a fluorine supply compound. 
[0059] 

More than 50moft of the concentration of the fluorine supply compound in an electrolyte b 
desirable. Since current efficiency faOs that the concentration of a fluorine supply compound is 
less than ( 50mof\ ]. it is not desirable. The concentration of a fluorine supply compound is more 
than SOmcA still more pre f er a bly. 
[0060] 

0 degrees C or more 30 degrees C or less of reaction temperature are desirable. Since a 
reaction rate faDs that reaction temperature is less than 0 degree C. it is not deskside. On the 
other hand, if reaction temperature exceeds 30 degrees C. since a reaction becomes intense and 
side reaction is concurred with, it is not desirable. Reaction temperature b 0 degrees C or more 
20 degrees C or less stiB more preferably. 
[0081] 

Two or less two or more O.t A/dm3.0 A/ dm of anode current density b desirable. Since a 
reaction rate falls that anode current density b less than two 0.1 A/ dm, it b not desirable. On 
the other hand, if anode current density exceeds 3.0 A/dm2. since a reaction becomes intense 
and side reaction b concurred with, it b not desirable. Anode current density b two or less two 
or more 0.1 A/dm2.0 A/dm still more preferably. 
[00823 

As for cell voltage, less than [ more than 2.0V 10.0V ] is desirable. Since a reaction rate falls that 
ceD voltage b less than [ 2.0V ]. it b not desirable. On the other hand, if ceQ voltage exceeds 
10.0V. since a reaction becomes intense and side reaction b concurred with, it b not desrabie. 
Ceil voltage b less than [ more than 20V80V ] still more preferably. 
[0083] 

It b desirable to use nickel for an anode plate. Moreover, it b desirable to use nickel, iron. etc. 
for cathode. Furthermore, when the electrical conductivity of an electrolyte b inadequate, it b 
desirable to add the increment agent in electric conductivity to an electrolyte if needed. 
Specifically. alkali-metal fluorides, such as NaF and KF. the penWo sulfonic acid of CI -CI a 
the perfluoro carboxylic acid of C1-C18. etc. are suitable for the increment agent in electric 
conductivity. 
[0064] 

Next a protonation process b explained A protonation process b a process which changes a 
haGde radical or a metal salt into an electrolyte radical after the 1st fluorination process. 
Predetermined time immersion of the precursor is carried out at a suitable acid water solution 
(for example, hydrochloric-acid water solution), and there b the approach of carrying out 
predetermined time immersion et hydro xyiation afkair-metsi water solutions (for example, a NeOH 
water solution, a KOH water solution, etc.). and subsequently to an acid water solution carrying 
out predetermined time immersion of the approach of subsequently boiling with ion exchange 
water, the approach of only boiling with ion exchange water, and the precursor etc. among the 
approaches of changing a ha We radical or a metal salt into an electrolyte radical. 
[0065] 

The approach of protonation processing chooses the optimal thing according to the ease of the 
proton exchange of a haftde radical or a metal salt For example, when proton exchange [ like a 
chloride radical or a metal salt ) whose electrolyte radical b b changed into the comparatively 
easy functional group, it b desirable that acid-treatment + water boiling performs proton 
exchange, on the other hand — an electrolyte radical — a flora — the id — when proton 
exchange b changed into the comparatively difficult functional group like a radical, it is 
that hydroxy tattoo alkali-metal water-solution processing + acid treatment performs proton 



exchange. 
[0066] 

in adcStion. protonation processing can be omitted when carrying out fluoridation 
the solid-state pcJyeJectroryte directly, without perform^ processing in which it 
protonste. moreover, the process of fluorination processing — a part o 
flora — the id — since it may be a radical even if it b the case where 
does not protonate b not performed, it b desirable to perform 
consider as a perfect proton mold 
[0067] 

Next, the manufacture approach of the high durable polyelectrotyte concerning 
operation of the 2nd of thb invention b explained The manufacture approach 
gestaft of thb operation b equipped with the 2nd fluorination process and the 



— a 

lit 
to 



the gestaft of 



[0068] 

The 2nd fluoridation process b a process which changes into a fluorocarbon frame a part or all 
of a hydrocarbon frame that constitutes a soEd-state high molecular compound Since the 2nd 
fluorination process a the same as the 1st fluorination process conceminx the gestalt of the 1st 
operation except the point of using a solid-state high molecular compound as a start raw 
material, explanation b omitted. 
[0069] 

An electrolyte radical installation process b a process which introduces an electrolyte radical 
into the solid-state high molecular compound by which fajorrotion processing was carried out 
There are various approaches among the introductory approaches of an electrolyte radical and 
the optimal approach is chosen as them according to en application, demand characteristics, etc. 
of the quality of the material of a soEd-state high molecular compound the class of electrolyte 
radical and an introductory location, and a high durable polyelectrolyte. The approach of using 
the solid-state high molecular compound equipped with the ring for a start raw material and 
introducing an electrolyte radical into a ring also in these, b suitable. 
[0070] 

For example, when introducing a sulfonic group into a ring. First a sofid-state high molecular 
compound b immersed into a cMorosuffonie acid and the mixed solution of tetrachloroethane. a 
sulfonyl chloride radical b introduced into a ring, and subsequently it b desirable that acid- 



performs proton exchange. Thereby, a sulfonic group can be introduced into a ring. 
[0071] 

Next an operation of the manufacture approach of the high durable polyelectrolyte concerning 
thb invention b explained If the raw gas which contains fluorine gas in the solid-state 
pofyelectrolyto equipped with the hydrocarbon frame or its precursor, the raw gas containing a 
fluorination agent or a processing solution is contacted or electrolysis fluorination processing is 
carried out the hydrogen atom combined with the hydrocarbon frame by the chemical reaction 
wffl be permuted by the fluorine atom Moreover, a part or all of a hydrocarbon frame b 
convertible for a fluorocarbon frame by choosing processing conditions. 
[0072] 

If the raw gas which similarly contains fluorine gas in the soBd-state high molecular compound 
equipped with the hydrocarbon frame, the raw gas containing a fluorination agent or a 
processing solution b contacted or electrolysis fluorination processing b carried out the 
hydrogen atom combined with the hydrocarbon frame by the chemical reaction will be permuted 
by the fluorine atom. Subsequently, if an electrolyte radical b introduced into thb solid-state 
high molecular compound, the electrolyte from which a part or all of a hydrocarbon frame was 
changed into the fluorocarbon frame will be obtained. 
[0073] 

Thus, since the electrolyte or compound of a hydrocarbon system b used for the obtained 
polyelectrolyte as a start raw material, it is low cost as compared with a perfluoro system 
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Moreover, since a part of hydrocarbon frame [ at least ] is changed into the fluorocarbon frame, 
oxidation resistance improves as compared with the conventional hydrocarbon system 
electrolyte. 
[0074] 

Therefore, if this is applied to a polymer electrolyte fuel cell or water electrolysis equipment 
decomposition of the hydrocarbon frame by the peroxide radical produced according to electrode 
reaction and the degradation resulting from thb can be controlled. Moreover, endurance can 
improve and it can be made to operate for a long time as compared with the case where the 
conventional hydrocarbon system electrolyte membrane b used. 
[0075] 

Furthermore, if processing of an electrolyte radical in which it does not protonate is performed 
before carrying out fluorination processing of the solid-state polyelectrotyte. as compared with 
the case where direct fluorination processing of the solid-state polyelectrolyte is carried out the 
high durable poryeloctrolyto which is exceDent in endurance and has high electrical conductivity 
will be obtained. 
[0076] 
[Example] 
(Example 1) 

(1) Production of the ethylene tetiafluoroethvlene-graft-polystyrene film (thb is hereafter called 
"ETFE-g-PSt film" ) 

Fn-st the electron ray of 2MoV and 20kGy was irradiated under dry ice cooling, and the ethylene 
tetrafluoroethyleno copolymer film (ETFE film) of 50 micrometers m thickness and 50mm % 50mm 
magnitude was made to generate a radical inside the ETFE film. 
[0077] 

After saving this ETFE film under dry ice cooling and returning to a room temperature, it was 
promptly immersed in the styrene monomer (6% of drvinyfbenzene is included) of an excessive 
amount Subsequently, after carrying out the nitrogen purge of the interior of a reaction 
container, it heat-treated at 60 degrees C for 60 hours, and the polystyrene graft chain was 
introduced into ETFE. By carrying out reflux processing using chloroform, after the reaction 
carried out extract removal of the non-graft component (a styrene monomer and homoporymer). 
and it carried out reduced pressure drying at 80 degrees C. The rate of a graft of the obtained 
ETFE-g-PSt film was 40V In addition, the rate of a graft was computed by the several 1 
foflowing formula. 
[0078] 
(Equation 1] 

#57 V* {%) = (W ETFE _ g _ PSt -W ETFE ) xlOO/W 
ETFE 

flU W ETFE _ g _ pst :?97hfc£j<>«©RffiS (g) 
W ETFE : EJfcfitORffift (g) 

[0079] 

(2) Production of the sulfonic acid type ethylene tetrofluoroethyl en e-graft-pory styrene film (thb 
b hereafter called "ETFE-g-PSt-S film".) 

The ETFE-g-PSt film was immersod for 1 hour with the mixed solution of the chlorosulfonic-Bcid 
30 weight section and the tetrachloroethane 70 weight section, and the sutfonyl chloride radical 
was introduced to the membranous styrene unit After the reaction, the film was washed by 
ethanol. the unreacted component was removed, and the ETFE-g-PSt film which introduced the 
sulfonyl chloride radical was obtained. 
[0080] 

Next the sulfonyl chloride radical was hydroh/zed by being immersed in 1-N poUsaium-hydroxide 



water solution, and carrying out heating reflux processing of this film for 1 hour. Subsequently, 
proton exchange of a sulfonic group was performed by boiling for 1 hour using 1-N sulfuric acid. 
Furthermore, after distilled water washed the film, reduced pressure drying was carried out at 80 
degrees C. The equivalent weight of the obtained ETFE-g-PSt-S film was 450 g/eq. 
[0081] 

In adoption, the equivalent weight EW was measured with the following procedures. That is. the 
dry film 0.1-0^g was immersed in 20ml of 0.1 -N sodkjm-hy droxide water solutions at the room 
temperature for 12 hours, and sodium exchange of the sulfonic group in the film was carried out 
The sodium-hydroxide water solution which does not add the film to coincidence was prepared 
similarly, and was made into the blank. 
[0082] 

The film was picked out from the sodkjm-hydroxido solution after immersion, and what washed 
the film with distilled water and added the washings to immersion fluid was made into the sample 
for titration. Using automatic titrator (made in Hiranume Comtite T-900). the sample and the 
blank were titrated with 0.5-N hydrochloric acid, from the point of inflection of a titration curve, 
the terminal point was searched for and membranous EW was computed by the several 2 



[Equation 2] 

EW (g/eq) - 

C <Qblank-Qs ample) /I 000X0. 6XP HC 

l) 

flU W :RfiA<g) 

Qblank :'??>9Km*m&k (ml) 
Q s amp 1 e : (m 1 ) 

f hci :o. snmnm 



[0084] 

(3) Fluorination processing of the ETFE-g-PSt-S film 

It was immersed at 90 degrees C in 1g of ETFE-g-PSt-S fibn for 6 hours into II. the phosphorus 
penta chloride / phosphorus oxy chloride mixed solution (the volume ratio of 5 phosphorous 
chlorides / phosphorus o*y chloride (voL/voL) = 3/7). and the sulfonic group was changed into 
the sulfonyl chloride radical. Furthermore, after picking out the film from the solution and being 

0 degrees C for 12 



r picking o 

immersed into dry ethanol for 1 hour, the vacuum drying was carried out at 6 
hours. 
[0085] 

Next thb film was left for 60 minutes in 100% fluorine gas in 25 degrees C. Subsequently, the 
film was flowed back with 5-N hydrochloric acid for 2 hours, and proton exchange was 
performed Furthermore, the fluorine ted ETFE-g-PSt-S film was obtained by repeating the 
processing which boils the film in 11. ion exchange water for 1 hour 3 times. 
[0086] 

(Example 1 of a comparison) 

The experiment was presented with the ETFE-g-PSt-S film produced according to the same 

procedure as (1) of an example 1. and (2) as rt was. 

[0087] 

About the film obtained in the example I and the example 1 of a comparison, after carrying out a 
vacuum drying at 60 degrees C for 12 hours, the electrode was joined to membranous both sides 
and the polymer electrolyte fuel cell eel was produced, respectively. Furthermore, endurance 
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evaluation was performed using the obtained cel. in addition, endurance evaluation was 
performed under the conditions shown in the next table 1. Moreover, without carrying out *** 
of a current, evaluation was left for about 7000 minutes in the state of the open circuit, and « 
performed by carrying out the monitor of the open-circuit voltage at this time. 
[0088] 
[table t] 









/WES : 


8 ot ($5&a>*2iia) 




vmrn : «** 




gas : mnm 


0 &mo. 





[0089] 

The relation between durable time amount and open-circuit voltage is shown in drawin g 1 . Any 
film of the operr-crcurt voltage of an initial state was about 0.95V. However, when it was the 
example t of a comparison to which fluorination processing is not performed the open-circuit 
voltage of 7000 minutes after fed to 0.81V. On the other hand, ei the case of the example 1 
which performed fKtortnatioo processing using fluorine gas. the open-circuit voltage of 7000 
minutes after was over 0.B7V. 
[090] 

If an dectrofyte membrane deteriorates by the peroxide radical, a degradation object covers a 
catalyst front face and reducing catalytic activity is known. By performing fluorination processing 
to a hydrocarbon system electrolyte, by changing into a fluorocarbon frame the hydro ca rbon 
frame which constitutes a hydrocarbon system electrolyte, oxidation resistance of improve 
[ endurance ] improves and it is considered because generation of a degradation object is 
controlled. 
[0091] 
(Example 2) 

The ETFE-g-PSt-S film was produced according to the same procedure as (1) of an example 1. 
and (2). Next it was left for 5 minutes in the fluorine gas (N2.-0.3 kg/cm2 (2.94x1 04Pa). F2.-0.1 
kg/cm2 (0.98x1 04Pa)) which diluted 1g of this film with N2 gas in the room temperature, and the 
film and fluorine gas were made to react The film was flowed back in 1L 5-N hydrochloric add 
after the reaction for 2 hours. Furthermore, the fluorinated ETFE-g-PSt-S f2m was obtained by 
repeating the processing which boils the film in 11. ion exchange water for 1 hour 3 times 
[0092] 
(Example 3} 

The ETFE-g-PSt-S film was produced according to the seme procedure as (1) of an example 1. 
and (2). It was immersed into II. 1-N sodium-hydroxide water solution in 1g of this film for 1 
hour, and the proton of a sulfonic group was permuted by sodium ton. Subsequently, the 
processing which boils the film in II. ion exchange water for 1 hour was repeated 3 times. 
Furthermore, the vacuum drying of the film was carried out in 80 degrees C for 12 hours 
[0093] 

Next fluorination processing by fluorine gas was performed under the same conditions as an 



example 2 to this film. Furthermore, reflux by the hydrochloric acid and boiling by ion exchange 
water were performed under the same conditions as an example 2. and the fluorinated ETFE-g- 
PSt-S film was obtained 
[0094] 
(Example 4) 

The ETFE-g-PSt-S fsm was produced according to the seme procedure as (1) of an example 1. 
and (2X ft was immersed at 90 degrees C in 1 g of thfs film for 6 hours into 1L the phosx*orus 
pentachlorido / phosphorus oxy chloride mixed solution (the volume ratio of 5 phosphorous 
chlorides / phosphorus ory chloride (voL/voO = 3/7). and the sulfonic group was changed into 
the sutfonyl chloride radical Furthermore, the film was picked out from the solution and the 
vacuum drying was carried out at 60 degrees C for 12 hours. 
[0095] 

Next ffuorination processing by fluorine gss was performed under the same conditions as an 
example 2 to this fien, Furthermore, reflux by the hydrochloric acid and boffing by ion exchange 
water were performed under the same co ndition s as an example 2. and the fluorinated ETFE-g- 
PSt-S film was obtained 
[0096] 
(Exa mple 5 ) 

The ETFE-g-PSt film was produced according to the same procedure as (1) of an example 1. 
Next fsjorination processing by fluorine gas was performed under the same conditions as an 
example 2 to this film. Subsequently, reflux by the hydrochloric acid and bonaig by ion exchange 
water were performed under the same conditions as an example 2 Furthermore, the vacuum 
drying of the film was carried out at 60 degrees C for 12 hours. 
[0097] 

Next to tWsfftn. according to the same procedure as (2) of an example 1. the sulfonic group 

was introduced and the fluorinated ETF E - g - P St-S film was obtained. 

[0098] 

About the film obtained in the examples 2-5. production and the durability test of a polymer 
electrolyte fuel ceO eel were performed under the same conditions as an example 1. The relation 
between durable time amount and operr-circuit vofcago is shown in drawing 2 . In addition, the 
result of the fftn obtained in the example 1 of a comparison was also collectively shown in 
oVaw imc 2 . 
[0099] 

in the case of the examples 2-5 which carried out fluorination processing using the Otluted 
fluorine gas. the open-eireuit voltage of an initial state was 0.94-0.95V. and was equivalent to 
the example 1 of a comparison. On the other hand the open-circuit voltage of 7000 minutes 
after is over 0.84V. and its all improved from the example 1 of a comparison, (n the ease of the 
examples 3 and 4 which performed especially processing in which ft aid not protonsto. before 
fluorination processing, the open-circuit voltage of 7000 minutes after was over 0.87V. 
[0100] 

Moreover, the infrared absorption spectrum of the film obtained by d rawin g 3 in the example 4 
and the example 1 of a comparison is shown. The film obtained in the example 4 from drawing 3 
is the alpha position of the styrene which carried out the graft as compared with the film 
obtained in the example t of a c 



l - It turns out that the peak of the 2925cm-1 
neighborhood originating in CH is decreasing. Reduction of this peak is considered that fluorine 
gassing shows that conversion in the fluorocarbon frame of a hydrocarbon frame is advancing. 
[0101] 

Directly, when fluorination processing is carried out omission of an electrolyte radical may 
produce a hydrocarbon system electrolyte. It is thought of because the conversion rate to the 
fluorocarbon frame of a hydrocarbon frame can be made high that the high durable 
potyelectrotyto which is excellent in endurance by performing processing h which it does not 
protonate. before fluorination processing, end has high electrical conductivity is obtained 
controlling omission of the electrolyte radical produced in the case of fluorination processing. 
[0102] 
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(Example 6) 

The ETFE-g-PSt-S film was produced according to the same procedure as (1) of an example 1. 
and (2). In 1g of this film, it was immersed at the room temperature in the bottom of argon 
atmosphere for 1 hour into the mixed solution of a 500ml desiccation tetrahydrofuran. and the 
N-fluoro -4 of 4mmol(s) and 6H>is(trifluoromethyl) pyndjnium-2-sutfonate. 



Next the film was picked out from the solution and the vacuum frying was carried out at 60 
degrees C for 12 hours. Subsequently, the film was flowed back in II. 5-N hydrochloric acid for 2 
hours, and proton exchange was performed Furthermore, the fluorinated ETFE-g-PSt-S film 
was obtained by repeating the processing which boils the film in 1 1, ion exchange water for 1 
hour 3 times. 
[0104] 
(Example 7) 

The ETFE-g-PSt-S film was produced according to the same procedure as (1) of an example 1. 
and (2). It was immersed at 90 degrees C in 1g of this film for 6 hours into II. the phosphorus 
pentachloride / phosphorus oxychloride mixed solution (the volume ratio of 5 phosphorous 
chlorides / phosphorus oxychloride (volYvolJ = 3/7). and the sulfonic group was changed into 
the sutfonyl chloride radical. Furthermore, the film was picked out from the solution and the 
vacuum drying was earned out at 60 degrees C for 12 hours. 
[0105] 

Next the film was picked out from the solution and the vacuum drying was carried out at 60 
degrees C for 12 hours. Subsequently, fluorination processing was performed for 1g of this film 
under the seme conditions as an example 6. Furthermore, the fluorinated ETFE-g-PSt-S film 
was obtained by performing a vacuum drying, reflux by 5-N hydrochloric acid, and boiling by ion 
exchange water under the same conditions as an example 6. 
[0106] 

Production and the durability test of a polymer electrolyte fuel cell eel were performed under the 
same conditions as en example 1 about the film obtained in the examples 6 and 7. The relation 
between durable Umo amount and open-circuit voltage is shown in drawing 4 . In addition, the 
result of the fiVn obtained in the example 1 of a comparison was also collectively shown in 
drawing 4 R> 4. 
[0107] 

In the case of the examples 6 and 7 by which fluorination processing was carried out using the 
fluorination agent the open-circuit voltage of an initial state was about 0.95V. and was 
equivalent to the example 1 of a comparison. On the other hand, the open-circuit voltage of 
7000 minutes after is over 0.67V, and its aD improved from the example 1 of a comparison. 
Moreover, in the esse of the example 7 which performed processing n which it did not protonate. 
before fluorination processing, the open-circuit voltage of 7000 minutes after improved e little 
from the example 6. 
[0108] 
(Example 8) 

The ETFE-g-PSt-S film was produced according to the same procedure as (1) of an example 1. 
and (2). This film (BcmxScm) was immersed in 5% of fluoric acid water solution, and energization 
was performed for 10 minutes under anode-current-density 0.3 A/om2. ceS voltage 5V. and 
conditions of 5 degrees C of bath temperature, fri addition, nickel was used for an anode plate 
end cathode, respectively. Next, the processing which boils the film after processing in II. 1-N 
hydrochloric acid was repeated twice. Furthermore, the fluorinated ETFE-g-PSt-S film was 
obtained by repeating twice the processing which boils this film with 11 ion exchange water. 
[0109] 

About the fian obtained in the example 8. production and the durability test of a polymer 
electrolyte fuel cell eel were performed under the same conditions as an example 1 . The relation 
between durable time amount and open-circuit voltage is shown in drawyig 5 . In addition, the 
result of the fikn obtained in the example 1 of a comparison was also collectively shown in 
drawing 5 . In the case of the example 8 by which fluorination processing was carried out using 



electrolysis fluorination. the open-circuit voltage of an initial state was about 0.94V. and was 
equivalent to the example 1 of a comparison. On the other hand, the operrcircuit voltage of 
7000 minutes after is more than over 0.B6V. and improved from the example 1 of a comparison. 
[0110] 

Moreover, the electrical conductivity of the direction of a field of the film obtained in the 
example 8 and the example 1 of a comparison and a perpendicular direction is shown in Table 2. 
When membranous electrical conductivity does not caB at a direction, but generally becomes 
almost equal, when membranous electrical characteristics are isotropic, and the insulating layer 
is formed in the film front face, membranous electrical conductivity changes with directions. In 
the case of the film obtained in the example 8. according to a direction, the electrical 
conductivity does not exist and understands that's big difference is isotropic. 
[0111] 
[Table 2] 





mmesg ($/cn») 






$160,8 


0.1O8 


0. 0 9 9 


i«x!«1 


0.110 


O. 105 



[0112] 

As mentioned above, although the gestslt of operation of this invention was explained to the 
detail, alterations various by within the limits which is not baited to the gestalt of the above- 
mentioned implementation at aO, and does not deviate from the summary of this invention are 
possfclo for this invention. 
[0113] 

For example, although the gestalt of the above-mentioned implementation explained the example 
which applied this invention to the solid-state pory electrolyte or solid-state high molecular 
compound mainly fabricated in the shape of film, this invention is applicable similarly to a solid- 
state poly electrolyte or a solid-state high molecular compound equipped with configurations 
other than the film. 
[0114] 

Moreover, although it can be used for independently various applications, the high durable 
polyelectrolyte concerning this invention fabricates the high durable poly electrolyte concerning 
this invention in the shape of film, the laminating of this and other electrolyte membranes can be 
carried out and they can be used, or the high durable polyelectrolyte concerning this invention 
and other electrolytes can also be mixed and used for it 
[0115] 

Furthermore, although the high 
especially as an electrolyte 
this invention can be used also 
electrochemistry devices, such 
[0116] 

[Effect of the Invention] 

Knee the high endurance polyelectrolyte concerning this invention is equipped with 
fluorocarbon frame changed from the hydrocarbon frame, it is effective in endurance 
Moreover, since the high durable polyelectrolyte concerning this invention and its 



polyelectrolyte concerning this invention is 
used for a polymer electrolyte fuel ceD, the 
an electrolyte which is limited to this and used for 
not a thing but various electrolytic devices, and 



being high 



httpy/www4.ipdl.ncipi.gojp/cgr-bin/tran.web.cgi.eiie 



2006/05/10 



http//www4.ipdlncipi.gojp/cgr-b^ 



2006/05/10 



JP.20O4-O83663.A [DETAILED DESCRIPTION] 



17/17 K-v? 



approach use a sofid-state potydocWytc or a solid- state high mo1«euisr compound a quipped 
with the hydrocarbon frairvj for the start raw material, they are effective in being low coat. 
Rathermore*. when using a sofid-state potydectrotyte as a start raw material, before changing a 
hydrocarbon frame into a fkiorocarbon frame, when an electrolyte radical is changed into a hafido* 
radical or a metal salt, it b effective in the high durable pdyelectrofyte excellent in endurance 
and electrical conductivity being obtained. 
[Brief Description of the Drawings] 

[Drawing J] It is drawing showing the membranous durable time amount and the relation of open- 
circuit voltage which were obtained in the example 1 and the example 1 of a comparison. 
[Drawing 2] It is drawing showing the membranous durable time amount and the refatjon of open- 
circuit voltage which were obtained in examples 2-5 and the example 1 of a comparison. 
[Drawing 3] It is drawing showing the infrared absorption spectrum of the film obtained in the 
example 4 and the example 1 of a compari s on. 

[Dr awing 4 ] It is drawing showing the m emb r a nous durable tana amount and the relation of open- 
circuit voltage which were obtained in examples 6 end 7 and the example 1 of a co mpar is on. 
[Pjqyg!&jj It is drawing showing the membranous durable time amount and the relation of open- 
circuit voltage which were obtained in the example 8 and the example 1 of a comparison. 
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* NOTICES ♦ 

JPO and NCIPl'tre not responsible for my 

dattn caused by the use of this translation « 

1. TWa document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3Jn the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing J] It ts drawing showing the membranous durable time amount and the relation of open- 
circuit vottago which were obtained in the example t and the example 1 of a comparison. 
[Drawing^ It b drawing showing the membranous durable time amount and the relation of open- 
circuit voltage which were obtained in examples 2-5 and the example 1 of e comparison. 
[Drawing 3] It is drawing showing the infrared absorption spectrum of the flan obtained in the 
example 4 and the example 1 of a comparison. 

[Drawing 4] It is drawing showing the membranous durable time amount and tho relation of open- 
circuit voltage which were obtained in examples 6 and 7 and the example 1 of a comparison. 
CPrawmg Sj It is drawing showing the membranous durable time amount and the relation of open- 
circuit voltage which were obtained h the example 8 and the example 1 of a comparison. 
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MttXttJKli, 0. lA/dm ! fill3. OA/dm'WfJL^BSllM 
#0. lA/dm 2 *t«r*ii;, RMJK*%T1-S<0T»i L<£v> 0 
*25J9[*«3. OA/dm 2 S:JSx.*t, RJC^ak L < 4 *) , SIRE *#SH-* L 
<fcv\, illttgli, 3?)tjfSL<li, 0. lA/dm' OA/ dm 2 & 

tO 0 6 2] 

«*Ett, 2. 0Vfl±l 0. 0 VTOJfSL^o «fmffi*«2. 0V*lt*4t,'E 
J£a«E* I fl£T"ri^"Cff$ L< «r^ 0 flE^l 0. 0V£&x_S2;, 
<4»J, »JKIE*#!M-* OTfiFS L<4v» c JfUJEEJi, ? fefcjf i L < tt, 2. OVW 
±8. 0V£lTf*4, 
[0 0 6 3] 

KF*0 7>* , J£*7yfMfe, C 1 ~C 1 8^-7Wn^^^l > Cl-Cl 8 
<7) A- 7 * * a * ;p ** y WMHW&Mt?* Z> «, 
[0 0 6 4 ] 

•ft 7 <«*.ff, NaOHiM, KOH*i«f) KBrJEttMiMt L 

[0 0 6 5] 

^nh>«i^ii, K*Xtt&«»07 , nf>s«!feoMttMje:CT, *M 

IMtfc«ftS*LTv>*»^fcii, *»^7A/*U&Ji*»f8[i!yi+K« s aKj:oT7 , n h 
[0 0 6 6] 

[0 0 6 7] 

& o 

[0 0 6 8] 

»2 7y*-ffci8tt, @#^5-^l:^*fllEg:1-4M-fb7K^#fe<7>-^xii^ : S:7;i'^ 
tt#fc*Mv>*&WU\ *l*>£tt<&JBS3K:«*#l 7**ffcI«i:ra--e**0-C, 
[0 0 6 9] 

m»S2fe*AX£li, 7 ?$<fMfc3l3 ;fcfcH<M&4H^^»fc*#«*#AT*X|l-C 



• (VO- 
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[ 0 0 7 0] 

[0 0 7 1 ] 

tens x. tz mfcMfr'f-nffisxit-zom&.mz 7?i#7 ^-^-tp^m^^ , xi* 7 7 a^t 

, J: ij, jftfl^*1TOoH»Xli£S* 7 Ji<*n 

[0 0 7 2] 

mm-. ^b^35#«*«x.fca#jfits^fi:^*t7y*^t#trAa*'^, xii7? 
7A'*o*-^>#^nasifts*Lfcm»j|* i ftfe*L4 0 

[0 0 7 3] 

*^j^k*»MW»»njfc l-c, itt*ft:te*«ie!±r*o 

[0 0 7 4] 

[0 0 7 5] 
[0 0 7 6] 

(1) ifWVf h77^nxf l/>-77 7 h-,f.j7f (J^ T% r ft£ f 

ETFE-g-PStflU tv^o) Of^« 

£1%J?$50/*nK 50 mm x 5 0 mm^i £<7>x.^ Wt V y 7 o xf V 

(ETFEM) fc, 2MeV, 2 0 k G y VWf-U* K v-f 7-f ^»3TF"C]!Mt 

[0 0 7 7] 

d^ETFEM* K9>f 7-f*»apT-C«#U IfitMLtt, &*<W;:&§8IS<0*7- 

U>*7v ( 6 %*>-7£-/i"< KftiltLfco *v>t% 

WfcLfcflk, 6 0*0X6 0l*WiDl!M6JIU ETFEK*'J^f U>^97 h«tiAL 

^7vSm*'«j7) fcifttWfciU 8 or-C$JE£i*L*:o H^fcETFE- g 
-PS ti<D/57 M£fi, 4 0%-Cfto/Co fcfc, 777 3fe«!)»10*KJ: <9 

[0 0 7 8] 



(12) ' 



JP 2004-83663 A 2004.3.18 



#77 (%) = (W ET FE-g.-PS t-W E TFE> xlOO/W 
ETFE 

fiu w ETFE _ g _ PSt :#77bitmmmm (g) 

W ETFE : KJSMOUSS (g) 

[0 0 7 9] 

(2) XW>Sgxfl/>f h57JU^nxf i/>-^57 F-^'jXfl/i'l 

TETFE-g-PS t-SJRJ fcn? 0 ) oft§£ 
ETFE — g — PS tJR*, ^nn^Hv|3 Ofi»gfl, r Oil 

?riALtETFE-g-PS tR*ftfc. 
[0 0 8 0] 

■CiE^L/c, 4§£>*LfcETFE-g-PS t - S EoSftSili, 4 5 0 g/e q "C 
[0 0 8 1 ] 

2 g£0. 1 Nzkm-fk-f h 'J 7 AtK^2 0ml KM"? 1 R*<&*;1/* 
[0 0 8 2] 

ftlx.^'b©**effltt*|-i: Lfc. S»?Big^it (spffift Comtite T- 9 0 0) 

[0 0 8 3] 
[&2] 

EW (g/eq) = 

w / ( (Qb 1 ank-Qs amp 1 e> /l 0 0 0X0. 5XF HC 

1) 

fiU W :MSfi(g) 

Qb 1 ank :77>t7\zmm%.m (ml) 
Q s amp 1 e : fc»*t*rs«3ai (m 1 ) 
F HC 1 : 0. 5N«ilO>3ffi 

[0 0 8 4] 

(3) ETFE— g — PSt— S flH<7) 7 -y 

ETFE — g — PS t-SKl g£l 'J9 MKA££ft'J >/**->*flS»; ( 
5*£ft'J y ><D#^Jt (vol. /vol. ) =3/7) +t9 0 V? 6 

JflOfBU ^L^-x.^y-^rpHlP#raS*t^, 60tTl 2«PW*^Sg*Lfe. 
[0 0 8 5] 



" (13)" 
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Saft*+-r l«PM»»i-4«yi«r3ia*^5i-rifc»cJ: ij, 77|ftHfeETFE-g 
-PSt-SR*#fc, 

[0 0 8 6 ] 

(JtttW 1 ) 

$mm\V> (1) Rtf (2) fcR-^JBfcftoTffcRLfcETFE- g-PSt-Sl 
[0 0 8 7] 

*it«iaifjfciwii-cft&*ifciiiicov>T, -eiifit, 6 otf 1 2P»M*^«e»L3t 

fc„ fftffi, **o#§l*i-4ifc4<, Plslg&^ra-c^7 0 0 OfrWStttU 
i^B»^>H@tt*ffi«:*-^i-4ii:»cJ: Effort:, 

[0 0 8 8] 

[Si] 







8 0°C 




8 0°C (SSfiKD^JjPS) 




*M ; *** 






1) #go. 





[0 0 8 9 ] 

Hie, MXtiffflt®mmns.t<Dm%ZfF-to v>i**i<&k<>, 4»ffr^iomaEimsfi 

, ftO. 9 5Vt%ofco LfrLbUfih* 7 y*ft^a**3*iTv>&vvfcftff| 1 

> 7 0 O.OdftoHHMEfi* 0. 8 1V$tffiTU, £*ifc#-U 7-;|^^ffl 

^T7 7*-ffc«fca*iSLfc*it«l©»fr, 7 0 0 O&ffcaHiaMEIi, 0. 87V£ 

[0 9 0] 

MS ft* t fc J: o T»HMt:te3&«fil± U MU<04^» 3 it* tzsb t^thtiZ 

o 

[0 0 9 1 ] 

2 ) 

**WlO (1) (2) fcH-*>^*fcftV^ ETFE-g-PS t-SJK*ft©L 
fc 0 #cfc, g£, iftl^V'T, N 2 *'^-C#JRLjfc7^tff>?'^ (N, : 0. 3 

kg/cm 1 (2. 94X10' Pa) >F 2 : 0. lkg/cm ! (0. 98X10* 
Pa) ) tfcSfl-MlfcftU Kfc 7 Rfcft, RtiyyfJM!) 

5NJftR+-C2l^waaELfco Sfcfc, 1 »; y hfrtoJ *Vj£!l*i1'TlB>H3llH»"J- 
4^S* 3IBII!)jK'f ifcfcJ: »3 > 7y*fb3*ijfcETFE-g-P S t-SM#/;, 
[0 0 9 2 ] 
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mmm 3 > 

%mmi<D (1) Xtf (2) fcW.-O^H»iftV» % ETFE-g-PS t-SR*ft»L 
to £«m g£ 1 'J v bP<D 1 N*BMb^ MJ «7A*i|fifc*fc lPMBftfrU */M«V 
®£<7>7n h>£t h "J * A 4 *>fc*JfcLfc. 1 'J y h **>>f * 

4"-eiB*M&»1-*fe&*3@i»»)iEl.fco 3S>fc, M£6 or^fc^Tl 2^M*^|£ 

[0 0 9 3] 

, 7y»fl:*ilfcETFE - g-P S t -SR£#fco 
[0 0 9 4] 
($ffcfll 4 ) 

sfettfllO (1) Xtf (2) kH-©#Jit|£v>, ETFE-g-PS t -SjtfcftML 

to £©iigti'j?h ;^sm vawb 'J > A^Tft ( 5 awn 

v&il'J ynft&it (vol. /vol. ) =3/7) $k 9 ot-C6i»inift*u xjv 

•ei 2n»M*^iea»Lfco 

[0 0 9 5] 

£<&Rfc#U ^*W2tP?-*#TT, 7y*J5r*fcJ:*7:/*fbakSl*frofc 

, 77|ft8ftfcETPE-g-P S t -SIS;#it, 
[0 0 9 6] 
5 ) 

nmmiff) (l) fcm-©?Jifcffcv>, ETFE-g-PS tR*fl*Lfc. 

#cic, £<£>RK#U *Wi«l2 t^-*#T"C, 7?*#*KJ:S7y*'fb4!yi*frofc 

to ??>C, M£6 Ottl 2*MX£iMiLfc. 
[0 0 9 7] 

:wli:ML, ilWKO (2) klU-^ffiK^. ^**>U*fAU 7 
*;fft?*LfcETFE-g-PS t -SKSrftfeo 
[0 0 9 8] 

©fWROWAJWfcfcffofco HI 2 ic. »^Hi:BiaK«ffioMfl5^-r-o H2 
[0 0 9 9] 

**! s ftfc 7?i^tiK7? t ftftta 2-5 <d%&, ®m®M<v® mm 

EE lis 0. 9 4 - 0. 9 5VT*«K JMWIl fcW"C*ofc 0 — 3^ 7 0 0 0*ft«5 
HEJS&flElis 0. 8 4 V£j&x.T£i9, v>t* ft&Jfc&fll l J: »3 [S]± Lfc. #K % 77f 

^b»aofflrt*7*n h wk«a*ffofc**«3 , 4 7 0 0 ofrflw>HH»«EE 

li> 0. 8 7 VfcfcjLTufc. 
[0 10 0] 

a&O-C HKfi£1-& 2 9 2 5 cm" 1 ttfiO e- ?£<£/|? LT^a 1 fc tffrfrZ* £ 
[0101] 

7 7|«i(?)i(;^7 , o h>fl:M*fH iifcioT, HAtefcffitU *ojfiEv>«* 
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<7)flj&m£ jqifH t ft h s Ritim^<r>-y )V* n # - ** > * g < -J- 4 1 1 
[0 10 2] 

6 ) • 

%mm\<n (1) (2) tlPI-W^Wlcftv^ ETFE-g-PS t-Sl*f^SJL 
fco i^Ilgt, T^^Vfl^TK^v^T, 5 0 0m 1 «>S£*xh?k Ko7?>fc 
4mino l(^)N-7Wu-4, 6-kfT. ( h 'J 7;W;t n > k''Jy;')A-2-7 

bfcoffl-fr«F«4«taia-cil*Mft*U*:o 
[0 10 3] 

R*»«*fe?li)fflU 6 OtJ-Cl 2P»n*SK*Lfco *v»-c, 1 'J 7 
<3 5NM+-C2l*llll»*U ^F^ffofc, * fc-fc, flg£ 1 'J y Y)V<J)4%> 
3£tft*+-ClB»IRiat*-r4»3l«:3H**)jS1-itlcJ: 7 y 1 <k3 fifc E T F E - g 
-PSt-SR*Hfc, 
[0 10 4] 

(%nm 7 ). 

^JfeflllO (1) (2) tH-cfKi:^, ETFE-g-PS t-SMSL 

tzo torn « * 1 u ? b^sifty >fi^»« (5«jMty>/** 

->*fc-fk'J xa-fMtifc (vol. /vol. ) =3/7) + K 9 0Ct6WltU 
*>I^A-*-j^n?^ K£fc£&Lfc 0 ?f>C, til U 60*0 

•CI 2B*MJ*2&fti*L*:« 
[0 10 5] 

tifc ETFE-g-PS t-S K*#fc<, 
[0 10 6] 

$Jt09 6> 7T#£>*i;t:MKo^T, 1 BI-^*#TT?H'»*4H 1 SJIRfl-*}ft-fe 

JWftiSW^t*ffo^ t H4C, »^n*WfcH@B&*E©Mfl5**1-« ft£, 0 
4Cli, Jt««l-Cftt>*L7t:||Jlo»*'b#*T^tfeo 
[0 10 7] 

»o. 9 5 ve*u, jt*«i fcrn^riofc. — ^, 7 0 0 o&ffcennMEti* 0 

. 8 7 VSr®x.Ti3i9, v»-f*t«bJt««l i»)lRl±Lfco *fc> 7 y*ft«S«5irn#r 
nh>*fcM*frofc£iS« 7 7 0 0 0 4M5fe<Z>HiattSEEtt, *Jfcfcl 6 J: *)5gT 

|P]±L7to 

[0 10 8] 

(*iS«l 8 ) 

^ttflllO (1) (2) fcH-^JBt^v^ ETFE-g-PS t-S&*fl*L 
/Co £OK (6cmX6cm) * 5 %*> 7 U Mm^JtO. 3 A/ 

dm 2 „ *tmE5V^ |&fi5t(7)*tTtl 0 5MW«m£fro fc 0 ftfc, g|j!;|f|; 
fi, ^ti-rft-^JUfrfflWco *cfc, ftSfltofll* 1 «J y h)i><D 1 N*R+T5t»1-« 

»It 2EHH»SfCtCJ: «K 7yfg-fk3JtfcETFE- g-P S t-SI^c, 
[0 10 9] 

ftft&W^KBfcfrofco H5K, »^MtHBK«BE^>Mff*^1-. ft*, @5C 
*ofc. 7 0 0 0^|ISlEli, 0. 8 6 VJil±£Mx.T;i3 , JfctfiM 1 J: 
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[0 110] 

[0111] 

[H2] 





(S/cm) . 


®^IS] 






0. 10 8 


0.099 




0.110 


0.105 



[0112] 
[0 113] 

[0 114] 
[0 l 1 5] 

o 

[0 116] 

L T HfMHH^WMt * Jfl V' * * v» T , j)Wfcjc*#« *7/M-n*-# 

[RnfioniiL&aH] 

[0 1 ] 1 Rtfit®m 1 -eft n/cMoffl-x^w t m m&n&<DM%*7a-rm'?$> 
[m 2 ] 2 ~ 5 Rv&gtM 1 t# nt:m*>m\*n t^mmms-comm^tm 
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